Some patients undergoing reverse total shoulder arthroplasty (rTSA) will present with limited preoperative external rotation (ER). This loss of motion may be caused by either stiffness or weakness. Stiffness results from mechanical factors such as osteophytes, capsular contractures, or impingement, whereas weakness is caused by dysfunction of the posterior rotator cuff. Loss of ER impairs a patient\'s function, as this motion is necessary for some activities of daily living, such as reaching the top or back of the head. Therefore, it would be helpful to know if a patient with limited ER will regain this motion after rTSA, and if the prognosis for recovery varies between patients who are ER limited by either stiffness or weakness. It would also be helpful to know if limited ER will impact rTSA clinical outcomes. Presently, these issues are not well addressed in the literature.

Some authors have reported that ER does not improve after rTSA.[@bib3]^,^[@bib27]^,^[@bib28] However, in those studies, a Grammont rTSA prosthesis was used, which features an in-lay humerus (ie, a medialized humerus) and a glenosphere whose center of rotation is positioned on the face of the glenoid (ie, a medialized glenoid). Many newer rTSA prosthesis designs include an on-lay humerus (ie, a lateralized humerus) and/or a glenosphere whose center of rotation is positioned lateral to the face of the glenoid by up to 1 cm (ie, a lateralized glenoid).[@bib11]^,^[@bib19]^,^[@bib22] Additional prosthetic lateralization relative to the Grammont prosthesis has been previously demonstrated to more effectively tension the posterior rotator cuff and posterior deltoid, and biomechanical tests have suggested that this may improve ER function and strength.[@bib11], [@bib12], [@bib13], [@bib14]^,^[@bib19], [@bib20], [@bib21], [@bib22] Recent outcome studies with lateralized rTSA prostheses have reported greater ER improvement,[@bib4], [@bib5], [@bib6], [@bib7]^,^[@bib16]^,^[@bib17]^,^[@bib25]^,^[@bib26] but these studies have not attempted to analyze patients based on their preoperative ER deficiency, let alone stratified by ER stiffness or weakness.

Presently, the consensus in the literature is that severe ER deficiency predicts a poor outcome with rTSA.[@bib1], [@bib2], [@bib3]^,^[@bib8]^,^[@bib9]^,^[@bib27]^,^[@bib28] Gerber et al[@bib8]^,^[@bib9] and Boileau et al[@bib1]^,^[@bib2] have each recommended that a combined tendon transfer with rTSA be performed in these patients. However, these studies focused on patients with the most severe ER deficits characterized by magnetic resonance imaging with documented atrophy of the infraspinatus and teres minor, as well as a positive horn blower\'s sign. There is a larger group of patients with significant ER weakness who do not fit these strict criteria; these patients will commonly present preoperatively with an ER lag sign. It would be helpful for the orthopedic surgeons to know how this broader group of ER deficit patients will respond to rTSA.

To aid the orthopedic surgeon in counseling a patient with an ER deficit, an improved understanding is needed of how the ER deficit affects the recovery and the rTSA outcome and to determine if any additional procedure is required. Currently, there is little guidance in the literature on this topic,[@bib1]^,^[@bib2]^,^[@bib8], [@bib9], [@bib10]^,^[@bib18]^,^[@bib23] particularly considering that most existing publications involved a Grammont prosthesis.[@bib1]^,^[@bib2]^,^[@bib8]^,^[@bib9]^,^[@bib18] We therefore asked: (1) Does a preoperative ER deficit impact the outcome of a medial glenoid--lateral humerus rTSA prosthesis? (2) Do patients with preoperative ER deficits due to either stiffness or weakness regain ER after rTSA with a medial glenoid--lateral humerus rTSA prosthesis? and (3) Does a preoperative ER lag sign predict a poor outcome? We hypothesize that patients who have a preoperative ER deficit will have worse clinical outcomes. Furthermore, we hypothesize that patients with ER deficits due to stiffness will have better clinical outcomes than patients with ER deficits due to weakness and will also have a greater improvement in postoperative ER.

Methods {#sec1}
=======

A multicenter international database of primary rTSA patients was analyzed for this clinical study. Clinical data were collected between April 2007 and January 2016 by 12 fellowship-trained orthopedic surgeons at different clinical sites, using a single platform shoulder system (Equinoxe; Exactech, Inc.; Gainesville, FL, USA). For each patient at each site, extensive data were collected related to demographics, diagnosis, range of motion, outcome measures, radiographic outcomes, and adverse events. Surgical information such as the implant types and sizes and additional procedures were also recorded.

Inclusion criteria for this study included primary rTSA performed for cuff tear arthropathy or a combination of osteoarthritis and rotator cuff insufficiency. Patients with fracture diagnoses and revision cases were excluded, as were patients with latissimus transfers. Because we were evaluating clinical improvement, patients without preoperative and latest follow-up measurements for both active and passive ER with the arm at the patient\'s side were also excluded. Finally, only patients with 2 years or more of clinical and radiographic follow-up were included.

After applying inclusion and exclusion criteria, patients were further analyzed to identify those with limited preoperative ER due to stiffness (Stiff) or weakness (Weak). A comparative group of patients (Normal) who did not have any preoperative ER limitation were also identified and used as a representative control. These 3 patient cohorts were defined by their preoperative passive ER and the difference between active ER and passive ER, which was defined as lag, and provided a measure of weakness. The specific preoperative criteria for each cohort was defined as follows: (1) Normal cohort = passive ER ≥30° and a lag \<10°; (2) Stiff cohort = passive ER ≤20° and a lag ≤10°; and (3) Weak cohort = passive ER ≥30° and a lag ≥20°.

Each patient from each cohort was evaluated preoperatively and at latest follow-up using the Simple Shoulder Test, University of California Los Angeles Shoulder Score, American Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form, Constant score, and Shoulder Pain and Disability Index outcome metrics. Active abduction, active forward flexion, and active and passive ER were also recorded. Active internal rotation was also measured by vertebral segments and was scored by the following discrete assignment: 0° = 0, hip = 1, buttocks = 2, sacrum = 3, L5-L4 = 4, L3-L1 = 5, Th12-Th8 = 6, and Th7 or higher = 7. Patient interrogation as well as range of motion and strength evaluation were performed by the procedural surgeon, a physical therapist, or research coordinator. Complications and adverse events were recorded as well. Radiographic analysis was conducted at latest follow-up using anteroposterior, axillary lateral, and scapular Y radiographs. Radiographs were evaluated for lucency around the humeral stem according to the Gruen classification adapted to the humerus[@bib15] and scapular notching was evaluated according to the Nerot classification.[@bib27] Finally, a 2-tailed, unpaired Student *t* test identified statistical differences between preoperative, postoperative, and pre- to postoperative improvement for all metrics between the 3 patient cohorts.

Results {#sec2}
=======

At the time of this study, the shoulder arthroplasty database contained a total of 1051 rTSA patients, of which 608 primary rTSA patients met the inclusion and exclusion criteria for this study. A comparison of demographics and implant information for each cohort is presented in [Table I](#tbl1){ref-type="table"}. Only 2 significant differences were observed. First, the rate of subscapularis repair was significantly greater in Stiff patients than Normal patients (*P* = .0056) and also Weak patients (*P* = .0238). Additionally, both Stiff patients (*P* = .0254) and Weak patients (*P* = .0276) had a significantly greater use of augmented baseplates than Normal patients, suggesting they had greater glenoid wear.Table IDemographic and implant comparison between patients with preoperative external rotation weakness, stiffness, or patients with normal preoperative external rotationCohort comparisonNormal cohortStiff cohortWeak cohortCohort size (sex), n125 (80 F/45 M)98 (61 F/37 M)89 (52 F/37 M)Age, yr72.1 ± 7.372.7 ± 7.272.6 ± 6.9Height, in.65.2 ± 4.365.1 ± 3.864.9 ± 4.3Weight, lb171.6 ± 39.6177.9 ± 43.2171.2 ± 40.4BMI28.2 ± 5.229.5 ± 7.028.5 ± 5.4Subscapularis repair, %41.3 ± 0.560.8 ± 0.543.9 ± 0.5Follow-up, mo40.0 ± 17.235.7 ± 15.436.9 ± 15.1Glenosphere size, mm39.5 ± 2.139.8 ± 2.139.9 ± 2.3Augmented baseplates, %7.318.617.7Humeral liner and tray offset, mm0.8 ± 1.71.0 ± 2.00.6 ± 1.6[^1]

Analysis of the preoperative outcomes demonstrated a general trend that Normal patients had the best outcome metric scores, Stiff patients had the worst outcome metric scores, and Weak patients were in the middle ([Table II](#tbl2){ref-type="table"}). Specifically, Stiff patients were significantly worse off before surgery than Normal patients according to 4 of 5 outcome metrics and 6 of 6 ROM measurements. Weak patients were significantly worse off before surgery than Normal patients according to 1 of 5 outcome metrics and 4 of 6 ROM measurements. Additionally, Stiff patients had significantly lower Constant scores than Weak patients and had significantly less active and passive ER. Of the 3 groups, Stiff patients had the least active and passive ER prior to surgery, whereas Weak patients had the largest lag.Table IIComparison of average preoperative measurements, rTSA outcomes: normal, stiff, and weak preoperative external rotation patientsPreoperative external rotationPreoperative measurementSSTUCLAASESConstantSPADIActive abductionActive forward flexionActive IR scoreActive external rotationPassive external rotationER lagNormal, mean ± SD4.2 ± 2.914.4 ± 4.637.2 ± 16.541.0 ± 15.780.9 ± 25.792.6 ± 39.8102.1 ± 42.04.0 ± 1.744.5 ± 14.846.0 ± 15.3--1.5 ± 2.9Stiff, mean ± SD3.2 ± 2.312.8 ± 3.536.3 ± 14.132.4 ± 11.587.5 ± 19.064.7 ± 25.984.3 ± 30.32.6 ± 1.5--4.3 ± 11.09.9 ± 9.3--14.3 ± 6.9Weak, mean ± SD3.8 ± 2.812.9 ± 4.138.8 ± 15.137.1 ± 13.682.0 ± 22.872.3 ± 31.489.1 ± 41.44.1 ± 1.815.9 ± 16.246.4 ± 14.1--30.4 ± 14.6*P* value (normal vs stiff)**.0066.0048**.6762**\<.0001.0478\<.0001.0005\<.0001\<.0001\<.0001\<.0001***P* value (normal vs weak).3979**.0240**.5001.1130.7877**.0001.0298**.6060**\<.0001**.9237**\<.0001***P* value (stiff vs weak).0942.7640.2528**.0158**.0867.0745.3584**\<.0001\<.0001\<.0001\<.0001**[^2][^3]

Postoperatively, Stiff patients had significantly better outcome scores than Weak patients, and these differences were statistically significant for 3 of 5 outcome metrics ([Table III](#tbl3){ref-type="table"}). The outcome metric scores for Stiff patients were statistically indistinguishable from those of Normal patients. Weak patients tended to have lower outcome scores than Normal patients although this reached statistical significance only for SPADI. Postoperative active forward elevation was similar for all 3 groups and averaged ≥135°. Active ER for Weak and Stiff patients was \>30° for both groups but was still significantly less than the 44° active ER observed in Normal patients. Weak patients had a postoperative lag of 16°, which was significantly more than both Stiff patients who had a lag of 12° and Normal patients who had a lag of 7°.Table IIIComparison of average postoperative measurements, rTSA outcomes: normal, stiff, and weak preoperative external rotation patientsPreoperative external rotationPostoperative measurementSSTUCLAASESConstantSPADIActive abductionActive forward flexionActive IR scoreActive external rotationPassive external rotationER lagNormal, mean ± SD10.0 ± 2.729.9 ± 5.682.3 ± 20.469.6 ± 13.020.3 ± 23.3127.2 ± 32.8138.7 ± 28.24.6 ± 1.543.5 ± 17.850.4 ± 18.2--6.9 ± 10.7Stiff, mean ± SD10.1 ± 2.430.0 ± 4.882.1 ± 17.869.8 ± 12.323.3 ± 21.6111.7 ± 26.3142.1 ± 21.34.4 ± 1.730.3 ± 16.642.2 ± 13.6--11.9 ± 12.8Weak, mean ± SD9.3 ± 2.928.2 ± 6.777.2 ± 20.465.5 ± 15.928.0 ± 28.3109.7 ± 26.2135.0 ± 28.84.8 ± 1.731.6 ± 19.547.9 ± 17.1--16.3 ± 16.2*P* value (normal vs stiff).7932.8456.9434.9005.3495**.0002**.3289.6109**\<.0001.0003.0460***P* value (normal vs weak).0706.0564.0897.0762**.0437.0001**.3364.3554**\<.0001**.3208**\<.0001***P* value (stiff vs weak)**.0368.0346**.0821**.0431**.2050.5922.0556.2247.6340**.0127.0401**[^4][^5]

When evaluating pre- to postoperative improvement ([Table IV](#tbl4){ref-type="table"}), all 3 groups experienced significant improvement after rTSA. Stiff patients experienced the greatest amount of clinical improvement: they had significantly more improvement in 3 of 5 outcome metrics and 6 of 6 ROM measurements relative to Normal patients and significantly more improvement in 5 of 5 outcome metrics and 5 of 6 ROM measurements relative to Weak patients. Of particular interest, Stiff patients averaged 35° improvement in active ER, which was significantly more than both Weak and Normal patients. By comparison, Weak patients averaged 16° improvement in active ER and 14° improvement in lag, which was approximately half of their preoperative lag. Weak patients had significantly greater improvement in active ER than Normal patients and also significantly more improvement in lag than both Normal and Stiff patients.Table IVComparison of average improvement, rTSA outcomes: normal, stiff, and weak preoperative external rotation patientsPreoperative external rotationImprovementSSTUCLAASESConstantSPADIActive abductionActive forward flexionActive IR scoreActive external rotationPassive external rotationER lagNormal, mean ± SD5.6 ± 3.415.5 ± 6.544.4 ± 23.627.8 ± 16.360.7 ± 28.134.6 ± 42.036.7 ± 44.10.6 ± 1.9--1.0 ± 19.14.5 ± 20.0--5.4 ± 10.0Stiff, mean ± SD6.9 ± 3.017.3 ± 5.546.2 ± 20.037.4 ± 14.163.5 ± 25.547.0 ± 36.057.8 ± 33.81.9 ± 2.034.7 ± 16.332.3 ± 16.32.4 ± 13.6Weak, mean ± SD5.4 ± 3.515.3 ± 6.838.4 ± 22.628.3 ± 17.254.1 ± 31.437.4 ± 38.545.9 ± 43.20.6 ± 2.015.7 ± 22.11.6 ± 18.414.1 ± 18.7*P* value (normal vs stiff)**.0500.0357**.5652**.0001**.4866**.0207.0001\<.0001\<.0001\<.0001\<.0001***P* value (normal vs weak).6215.8375.1013.8760.1735.6319.1454.8753**\<.0001**.3236**\<.0001***P* value (stiff vs weak)**.0019.0348.0164.0003.0342**.0802**.0355\<.0001\<.0001\<.0001\<.0001**[^6][^7]

Finally, no differences were observed in the humeral radiolucent line rates (Weak = 5.2%, Stiff = 7.9%, and Normal = 8.2%), the scapular notching rates (Weak = 6.5%, Stiff = 5.7%, and Normal = 5.2%), scapular notching grades (Weak = 3 grade 1 and 2 grade 2; Stiff = 3 grade 1 and 2 grade 2; Normal = 4 grade 1 and 1 grade 2), or complication rates (Weak = 10.1%, Stiff = 11.2%, and Normal = 8.0%) between the 3 cohorts. Please refer to [Table V](#tbl5){ref-type="table"} for a detailed description of complications and adverse events between the 3 cohorts.Table VComparison of complications/adverse events between the 3 patient cohortsComplicationsNormal cohort,\
n (%)Stiff cohort,\
n (%)Weak cohort,\
n (%)All cohorts/rate,\
n (%)Acromion and scapular fractures2 (1.6)1 (1.0)4 (4.5)7 (2.2)Persistent pain2 (1.6)2 (2.0)2 (2.2)6 (1.9)Infection1 (0.8)3 (3.1)1 (1.1)5 (1.6)Dislocations2 (1.6)02 (2.2)4 (1.3)Aseptic glenoid loosening1 (0.8)1 (1.0)02(0.6)Humeral fractures02 (2.0)02 (0.6)Broken glenoid baseplate screw1 (0.8)001 (0.3)Edema01 (1.0)01 (0.3)Cerebrovascular accident1 (0.8)001 (0.3)Pulmonary embolism01 (1.0)01 (0.3)

Discussion {#sec3}
==========

This study analyzed the results of rTSA using a medial glenoid--lateral humerus prosthesis and compared outcomes of patients with limited preoperative ER due to stiffness or weakness relative to patients with normal preoperative ER. We observed that patients with ER deficiencies experienced clinical outcomes that were similar to those of patients with a normal preoperative range of motion, regardless if the patients were ER deficient because of weakness or stiffness. Furthermore, we observed that active ER was significantly improved by rTSA, where both Stiff and Weak patients had an average postoperative active ER \>30°. Although this range of motion was significantly less than the 44° average postoperative ER of Normal patients, it was still within an acceptable range.

We found that the cause of the deficit (stiffness vs. weakness) affected the magnitude of improvement and recovery. Stiff patients did particularly well after rTSA; in fact, they experienced the largest improvement in clinical outcome measures. Postoperatively, the outcome scores of Stiff patients were statistically indistinguishable from those of Normal patients, despite the fact that Stiff patients were significantly worse preoperatively. Stiff patients experienced an impressive improvement in active ER of 35°. Alleviating mechanical restrictions to motion such as osteophytes, capsular contractures, and impingement was most likely responsible for this magnitude of improvement. Based on these results, surgeons can have confidence that patients with limited ER due to stiffness will regain a functional range of motion and experience a good clinical result following rTSA. Weak ER patients also improved following rTSA but not to the same degree as the Stiff patients. By comparison, Weak patients experienced the same amount of improvement as Normal patients undergoing rTSA but their postoperative outcome scores tended to be lower than the other 2 patient cohorts, though the magnitude of these differences were small and did not exceed the minimal clinically important difference thresholds associated with each outcome metric, as was previously defined by Simovitch et al.[@bib24] Active ER improved by 16° for Weak patients and their lag improved by 14° (from a preoperative average of 30°-16° at latest follow-up). This reduction in lag suggests that ER improved for Weak patients but did not normalize, as it was significantly larger than both Stiff and Normal patients.

Previous reports have indicated that rTSA does not improve active ER range of motion.[@bib3]^,^[@bib27]^,^[@bib28] Our study contradicts those findings as it relates to Stiff and Weak ER patients, but not for Normal patients. We believe that this discrepancy is primarily related to prosthesis design. A Grammont rTSA prosthesis was used in those studies that reported no improvements in ER,[@bib3]^,^[@bib27]^,^[@bib28] whereas our series used a medial glenoid--lateral humerus rTSA prosthesis. As previously described, lateralization of the humerus better tensions the posterior deltoid and the remaining posterior rotator cuff as compared to both medial glenoid--medial humerus and lateral glenoid--medial humerus rTSA prosthesis designs.[@bib11]^,^[@bib20], [@bib21], [@bib22] Regardless of the medial or lateral rTSA prosthesis design, it should be noted that all rTSA prostheses medialize the humerus relative to the native anatomic position of the humerus.[@bib11]^,^[@bib20], [@bib21], [@bib22] This relative medialization is associated with posterior rotator cuff shortening and is likely responsible for an upper threshold of active ER achievable with rTSA, which is less than that achieved by a healthy, nonpathologic patient. In addition to mechanical impingement, this posterior rotator cuff shortening is also likely why Normal patients were not observed in our study to experience any active ER improvement, as their preoperative active ER was 45°, near the upper threshold of active ER achievable with rTSA.

Selecting the best treatment option for patients with preoperative ER deficiency can be a challenge for the orthopedic surgeon. In some situations, a tendon transfer procedure may be needed to supplement the rTSA to restore rotational motion and strength. Our study provides some information that may be helpful when evaluating such options. First, we found that a medial glenoid--lateral humerus rTSA prosthesis is associated with restoration of a modest amount of active ER. On average, we observed an improvement of 16° in Weak patients and 35° in Stiff patients, both of which were sufficient to obtain \>30° postoperative ER for each cohort. Nevertheless, this magnitude of improvement may not be sufficient for all individuals, particularly those with the most severe deficits; these patients may benefit from a combined tendon transfer. Publications examining combined tendon transfers with rTSA have reported ER improvement in the range of 30°,[@bib1]^,^[@bib2]^,^[@bib8], [@bib9], [@bib10]^,^[@bib18]^,^[@bib23] which was greater than what we observed in our study for the Weak patient cohort, in which no one received any muscle transfers.

Finally, we found that the presence of an ER lag sign alone does not predict a poor outcome with a medial glenoid--lateral humerus rTSA prosthesis. When surgeons are evaluating patients to determine if a combined tendon transfer rTSA is required, they should not base their decision solely on that observation. Other clinical findings that may be taken into consideration and were not evaluated in this study include a positive hornblower\'s sign and the inability to actively externally rotate the arm to neutral. Also, atrophy of both the infraspinatus and teres minor on magnetic resonance imaging might also be an indication for poor postoperative function. Future studies are needed to more specifically analyze these variables and evaluate their relationship to postoperative function with different rTSA prosthesis designs.

This study has several limitations. It uses a multicenter international database to retrospectively report on the short-term clinical outcomes of a single platform reverse shoulder system. Although we have done our best to standardize the practices of each data collection site and facilitated the use of standardized data collection forms to quantify outcomes using various scoring metrics, each site collects its own data, and their inherent differences may influence the results. Also, at the time of this analysis, we did not collect data that would allow us to evaluate subsets of patients with ER weakness as defined by a hornblower\'s sign or magnetic resonance imaging--documented atrophy of the infraspinatus and teres minor, but we will address it in future work. Finally, in our study we only assessed lag with the arm at the side, as opposed to when the arm is abducted as did Shi et al[@bib23]; future work should assess the improvement of lag for Weak and Stiff patients when the arm is elevated.

Conclusions {#sec4}
===========

The results of this study demonstrate that good clinical outcomes can be achieved in patients with preoperative ER deficits when a medial glenoid--lateral humerus rTSA prosthesis is used, and that active ER range of motion improves after surgery regardless of the cause of the deficit (stiffness vs. weakness). Although both Stiff and Weak patients achieved good outcomes, we observed that Stiff patients had a greater prognosis for clinical improvement. This stratified observation is helpful to the orthopedic surgeon when counseling patients on expected outcomes and also for segmenting patient populations in future clinical outcomes research. Weak patients experienced the same amount of clinical improvement as Normal patients, but their final outcome scores tended to be slightly lower. Furthermore, Weak patients experienced ER improvement after rTSA, but this did not normalize relative to that of Stiff or Normal patients. Future research is needed to evaluate subsets of patients and identify additional contributing factors so that we can better predict ER improvement after rTSA.
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[^1]: *BMI*, body mass index; *F*, female; *M*, male.

[^2]: *rTSA*, reverse total shoulder arthroplasty; *SD*, standard deviation; *SST*, Simple Shoulder Test; *UCLA*, University of California Los Angeles Shoulder Score; *ASES*, American Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form; *SPADI*, Shoulder Pain and Disability Index; *IR*, internal rotation; *ER*, external rotation.

[^3]: Boldface indicates statistical significance.
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